Background: Neuropsychological comparisons between patients with mild cognitive impairment due to Parkinson's disease (MCI-PD) and Alzheimer's disease (MCI-AD) is mostly based on indirect comparison of patients with these disorders and normal controls (NC). Objective: The focus of this study was to make a direct comparison between patients with these diseases. Methods: The study compared 13 patients with MCI-PD and 19 patients with MCI-AD with similar age, education and gender. The participants were recruited and assessed at the same university clinic with equal methods. Results: The main finding was that on group level, MCI-AD scored significantly poorer on learning and memory tests than MCI-PD, whereas MCI-PD were impaired on 1 of 3 measures of executive functioning. Conclusion: MCI-AD performed poorer learning and memory tests, whereas MCI-PD only scored below the employed cut-off on one single executive test. In general, MCI-PD was noticeably less cognitively impaired than MCI-AD.
INTRODUCTION
Cognitive problems are common in early Parkinson's disease (PD). Different studies have classified 25 to 30% of non-demented patients with PD as having mild cognitive impairment (MCI) [1] [2] [3] , and single-domain non-amnestic MCI occurs more frequently than single-domain amnestic MCI in PD [1, 3, 4] . Seemingly in contrast to this, studies have shown that memory is the single cognitive function that most frequently is reduced in early PD [3, 5] . In MCI likely due to Alzheimer's disease (AD), amnestic MCI (aMCI) is most common [6] , although several studies suggest that patients with amnestic/multi domain MCI (amnestic impairment in addition to other cognitive deficits) may be at even greater risk of AD than patients with amnestic single domain MCI [7, 8] . These findings suggest both neuropsychological similarities and differences between MCI in PD (MCI-PD) and MCI due to AD (MCI-AD).
Neuropathology is heterogeneous in both conditions with partially overlapping findings. Based on autopsy findings in PD patients, Braak et al. [9] reported that the intraneuronal formation of Lewy inclusion bodies and Lewy neurites has a topographically predictable progression, starting in the brain stem, extending into the midbrain, affecting the substantia nigra, and subsequently affecting cortical areas. In addition to Lewy body pathology, the neuropathology in MCI-PD also includes cortical amyloid ␤ (A␤) plaques [10, 11] . More recent detailed early-stage PD neuropathological studies have revealed broad pathological processes including frontal cortex oxidative and endoplasmatic stress [12] [13] [14] . Animal studies have shown that Lewy body pathology may stimulate the development of A␤ plaques and vice versa [15] . Also, postmortem analysis has shown that many demented PD patients fulfill the neuropathological criteria of AD [16] .
Though extra-temporal including frontal cortex often suffers from early amyloid pathology in early AD, objective clinical manifestations are accompanied by memory network changes [17, 18] . In MCI-AD early amyloid ␤ (A␤) may elicit synaptic dysfunction, neurodegeneration and finally detectable cognitive changes and functional decline associated with early dementia [19] .
Low CSF A␤42 and high total and phosphorylated tau (T-and P-tau) are part of MCI-AD diagnostic criteria [6, 20] , and high CSF T-tau levels characterize patients developing AD at follow up [21] . Recently, a large post mortem study found that T-tau level, but not A␤ plaques, predicted age onset of cognitive decline and AD [22] . In PD, CSF A␤42 may be slightly reduced compared to controls and associated to cognitive impairment [23] [24] [25] , while T-tau and phosphorylated tau (P-tau) have been reported to be reduced or unchanged in PD without dementia and increased in PD with dementia [25, 26] .
The referenced studies regarding neuropsychological differences and similarities are mainly based on indirect comparison of patients with each of these disorders with healthy controls. To our knowledge, only a couple of studies have compared neuropsychological profiles directly between patients in the early stages of these diseases. Guidi et al. [27] found that MCI-PD patients demonstrated inferior performances on a semantic questionnaire, whereas the aMCI group displayed modest difficulties in a naming task. More relevant to the present is the study by Hildebrandt et al. [28] . They compared aMCI (n = 29) patients to mild cognitively impaired PD patients (MCI-PD) (n = 25) (Hoehn and Yahr scale: 3.4 SD = 0.5) and found that aMCI patients were impaired in episodic memory, while MCI-PD patients showed deficits in visuoconstruction and attention. However, in this study international consensus criteria for MCI or biomarkers were not used, making these findings difficult to interpret.
The present study aimed to add to the knowledge of cognitive function in MCI in PD compared to the recent core clinical criteria for MCI likely due to AD, in addition to at least one pathological CSF biomarker. We hypothesized that both clinical groups would score poorer on neuropsychological measures than normal control patients would, that MCI-AD would score poorer than MCI-PD on measures of memory and that both clinical groups would achieve poor scores on non-amnestic/executive measures.
METHODS AND MATERIALS
The study protocol was approved by the SouthEastern Norway ethical committee for medical research. Written informed consent was obtained from all participants.
Neuropsychological definition of MCI in the present study
Both the PD and MCI-AD patients underwent neuropsychological assessment: Figure Test (RCFT) [31, 35] .
We employed the clinical criteria for MCI recommended by NIA-AA [6] . Thus, to qualify as MCI, the score of at least one of the six neuropsychological subtests had to be in the impaired range, defined as 1.5 SD or more below average, based on normative scores. The patients were categorized as (1) amnestic single-domain or (2) non-amnestic/executive singledomain MCI if either only memory or only nonamnestic/executive scores were below the selected cut-off criterion, and (3) multi-domain MCI if at least one memory and one non-amnestic/executive score were below cut-off.
Inclusion and exclusion criteria
The participants were recruited from parallel studies at Akershus University Hospital in Norway. Both clinical cohorts have previously been described [25, 36] .
Twenty-nine patients (above 50 years old) with PD were recruited consecutively. Neurological examination and diagnosis, the unified Parkinson's disease rating scale (UPDRS) part III motor examination [37] and Hoehn and Yahr staging were performed by trained research physicians and movement disorder specialists. From this group, 13 patients were diagnosed with MCI-PD according to the neuropsychological definition, and included in the present analysis. Inclusion criteria were diagnosis of PD according to the UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria [38] , Hoehn and Yahr stage <3 and disease duration <6 years. None of the patients reported motor fluctuations or dyskinesias. All subjects had a pathological single photon emission computed tomography (SPECT) using an ioflupane (¹²³I) biomarker (DaTSCAN). Total daily levodopa equivalent dose (LED) was calculated [39] .
From a parallel study 25 patients (above 50 years old) with MCI due to Alzheimer's disease (according to the core clinical NIA-AA criteria) [6] were included [36] . They underwent screening for memory, disorientation, abstract thinking, visuospatial ability, language, sensory aphasia, visual agnosia, and apraxia [40, 41] , as well as word fluency, interference, and numeral-letter items [42] . Additionally, the cognitive screening included items from the Neurobehavioral Cognitive Status Examination [43] as well as Mini-Mental State Exam (MMSE) [44] . Patients with subjective memory complaints and results below recommended cutoff on the cognitive screening were classified as MCI [45] . One of the patients had MMSE = 23, but was included as she had normal employment and was self-sufficient. In addition, all the patients had at least one abnormal CSF AD biomarker (A␤42, P-tau or T-tau) [25, 46] and thus were categorized as MCI-AD in this study. From this group, 19 qualified as MCI according to the neuropsychological criterion, and were included in the present analysis.
Exclusion criteria for both clinical groups were dementia and other somatic or psychiatric disease that might contribute to cognitive impairment (including drug abuse, moderate or severe depression, solvent exposure, ischemic stroke and active cancer) [25, 36, 47] . Also, patients included in the MCI-AD group did not fulfill criteria for PD, Lewy body, frontotemporal or vascular dementia.
Normal control patients (NC) were also included. These were recruited before lumbar puncture in conjunction with orthopedic surgery. Inclusion criteria were normal cognition based on Mini-Mental State Exam (MMSE) ≥28 and scores above 1,5 SD below average on four neuropsychological tests: Delayed recall from RAVLT [29, 30] , the TMT-B [32] , the COWAT [33] and the Stroop Color-Word test [34] . This is consistent with criteria recommended by the NIA-AA [6] . By definition, all the normal controls had neuropsychological scores in the normal range. Exclusion criteria were as for PD and the MCI group in addition to significant subjective cognitive decline.
Cerebrospinal fluid biomarkers
Following lumbar puncture and standardized handling, CSF Aß42, T-tau and P-tau were analyzed with ELISA (Fujirebio Europe, previously Innogenetics) in all patients. CSF Aß42 was considered pathological if ≤600 ng/ L, P-tau if ≥ 80 ng/ L, and T-tau if >450 ng/ L [25] .
Statistical analysis
The Statistical Package for Social Sciences (SPSS 22.0) was used for all statistical analyses. First, descriptive statistics of the demographic, clinical and cognitive characteristics of the patient populations were computed. Chi-square tests were performed to compare gender differences. A one-way ANOVA was performed to compare differences between the three groups. The assumption of homogeneity was violated with regard to T-tau and P-tau, however more robust tests of equality of means revealed significant differences (Welch and Brown-Forsythe) and Games-Howell post hoc testing was conducted. Independent t-tests were employed to compare differences between MCI-PD and MCI-AD on the copy trial and delayed recall trial of RCFT.
RESULTS

Demographic and clinical characteristics
Demographic and clinical variables of the 56 patients who took part in the study are shown in Table 1 .
NC, MCI-PD and MCI-AD did not differ significantly with regard to age, gender and education. The NC achieved similar results as MCI-PD on the MMSE, T-tau, P-tau, Stroop Color Word (raw scores) and COWAT (t-scores), but scored significantly better than MCI-PD on the other clinical variables. The NC achieved similar results as MCI-AD on COWAT (raw scores and t-scores), but scored significantly better than MCI-AD on all other clinical variables. The MMSE score was lower and all the CSF values were significantly more pathological in the MCI-AD compared to the MCI-PD group. For the MCI-PD group all the mean CSF values were in the normal range while they as expected were in the pathological range for MCI-AD [41] . Not shown in Table 1 are specific characteristics for the MCI-PD group (mean and SD): Disease duration: 2.1 years (SD = 0.8), UPDRS part III motor score: 17.7 (SD = 7.4), Hoehn and Yahr stage: 1.7 (SD = 0.6) and total daily levodopa equivalent dose: 310.4 (SD = 177.3). With regard to neuropsychology, the NC group achieved average group scores, as expected. The MCI-AD achieved significantly poorer raw scores on verbal learning (RAVLT 1-5, not included in the neuropsychological MCI algorithm) and delayed recall compared to MCI-PD. The MCI-AD obtained significantly poorer T-scores (below 1.5 SD below average norms) on all three learning and memory tests than the MCI-PD group, while the opposite was true with regard to divided attention (TMT B). Apart from that, the two groups achieved similar and average scores (Fig. 1) . Table 2 shows the frequencies of MCI categories definedbyneuropsychologicaltestscoresforMCI-PD and MCI-AD. As expected there were more participants with amnestic single-domain MCI in the MCI-AD group than in MCI-PD (57.9% versus 30.8%) and more non-amnestic/executive single-domain in MCI-PD than in MCI-AD (38.5% versus 10.5%). However, none of these differences were significant.
DISCUSSION
The focus of the present study was to compare neuropsychological function in MCI-PD with MCI-AD defined by clinical and biological criteria. The key finding was that MCI-AD, on group level, scored significantly poorer on verbal learning and memory as well as visual memory than MCI-PD, who achieved average verbal learning and memory scores, and slightly below average on visual memory, according to norms. With regard to divided attention, the result was opposite as MCI-PD obtained a poor group score, about 1 SD poorer than MCI-AD. While the distribution of amnestic, non-amnestic/executive and multi-domain MCI were quite similar in MCI-PD, the distribution of MCI was different in MCI-AD, dominated by amnestic MCI as well as multi-domain MCI. The first part of the hypothesis that MCI-AD would score poorer than MCI-PD on measures of memory was confirmed, while the second part, suggesting that both groups would achieve poor scores on non-amnestic/executive measures, was not. The NC were recruited based on neuropsychological scores in the normal range. Thus, by definition, superior performance was expected in this group, and the results in accordance with this will not be discussed further.
A strength of the study is the direct comparison of patients with MCI-PD and MCI-AD, based on equal neurological, cognitive and biological assessment (including CSF biomarkers) conducted at the same university hospital clinic. Methodologically this is advantageous compared to studies that mainly employ indirect comparison of patients with these disorders.
The present study employed the Albert et al. [6] criteria for MCI due to AD rather than the proposed criteria by Litvan et al. for MCI in PD [48] . We employed an abbreviated cognitive assessment and categorization of the PD group according to the Litvan et al. criteria (level I) only classified two PD patients as MCI-PD (impairment on at least two tests) as opposed to 13 based on the Albert et al. [6] criteria (impairment on at least one test). Thus, comparison of MCI in the two groups was only possible based on the most lenient of these MCI criteria. Although the Albert et al. criteria [6] were developed for detection of MCI due to AD, they represent a well-defined method for separation between average and mildly impaired cognitive function based on a brief test battery, regardless of etiology.
One might question the representativeness of the small clinical groups in the present study. However, the patients were prospectively recruited from a public hospital and thus representative for patients referred to specialist treatment in a natural population. That said, larger groups would have strengthened the findings. This is particularly true for MCI-PD as this group is known to be highly heterogeneous with some studies demonstrating greater amnestic deficits, and others greater non-amnestic deficits [1, [3] [4] [5] .
The finding that MCI-AD scored significantly poorer on learning and memory tasks than MCI-PD was as expected according to our hypothesis. This finding was in accord with the other study by Hildebrandt et al. that compared aMCI directly with MCI-PD [28] . The results in the Hildebrandt et al. study were almost inevitable as their comparison group was preselected based on objective memory impairment. To a certain degree, this kind of circularity is also relevant for the present study. Although we did not preselect the MCI-AD patients based on memory impairment, it is well established that memory impairment is a key feature of MCI-AD [6] and indeed, all the MCI-AD patients in our study did report subjective memory symptoms.
Additionally, the Hildebrandt et al. study [28] found that only MCI-PD showed deficits in visuoconstruction. In the present study, no impairment in visuospatial ability/visuoconstruction was evident in any of the groups. Different findings may be related to several factors. The two studies employed different measures of visuoconstructive ability, and different normative data. In this study we used the copy trial of RCFT, while Hildebrandt et al. [28] employed the Constructional praxis task from the CERAD battery [49] . Furthermore, the mean age of the MCI-PD group in the Hildebrandt et al. study was higher than in our study (71 years versus 67 years). Additionally, the Hoehn and Yahr scale in the Hildebrandt et al. study was 3.4 versus 1.7 in the present study, indicating more advanced PD in the Hildebrandt et al. study. In both studies, patients with MCI-PD achieved poor scores on measures of attention. Again, the employed measures, normative data and age were different. Hildebrandt et al. employed ZVT [50] (comparable to Trail Making Test A) [32] and Digit Span Forward from the Wechlser Memory Scale-R [51] , while the present study employed Trail Making test B [32] . Digit Span Forward is considered to measure freedom of distractibility [52] and the trail making tests involve complex visual scanning and has a motor component that makes a strong contribution to success [53] . While digit span may be a relatively pure test of attention, the same cannot be said about the trail making tasks, especially when employed in a PD population. Motor problems in PD will indisputably influence performance on these kinds of tasks. Thus, based on the many skills necessary for success on TMT B, there is reason to be cautious about attributing poor results on this task only to attention problems in the present PD group. Nevertheless, the PD patients in this study were in early stages with mild to moderate motor symptoms, and it is difficult to say to what extend this affected the results. The lack of non-motor dependent attention measures may be considered a limitation with the present study.
The literature suggests both differences and similarities between MCI-AD and MCI-PD with regard to neuropathology and neuropsychology. Largely, the present data suggest significant differences between the two conditions, in agreement with most findings in the literature. A factor not considered is whether the two clinical groups are assessed at corresponding stages in their respective development or whether one condition is in a more advanced stage than the other, and that they eventually both will progress and become more similar with regard to neuropsychological dysfunction. The study of Hildebrandt et al. [28] shed some light on this as they also compared neuropsychological function in AD dementia and Parkinson dementia (PDD). In these more advanced stages, both AD and PDD were similarly impaired on tests for language, attention and visuoconstruction, but still only the AD patients showed a memory impairment, similar to the aMCI patients. While neuropsychology is not the correct tool to reveal specific mechanisms of neuropathology, both the present data and the findings of the Hildebrandt et al. study suggest definite differences between the two conditions. We have recently found associations between white matter integrity in prefrontal areas and executive and visuospatial ability [54] , CSF A␤42 and memory and response inhibition [25] as well as smaller hippocampal subfields and poorer memory and visuospatial function [55] . This suggests that although the MCI-PD patients as a group are less impaired on neuropsychological tests than MCI-AD, and have normal CSF biomarker levels according to cutoffs, there are already ongoing neuropathological processes, which may lead to cognitive decline in the future. Longitudinal data from this prospective study will clarify the role of brain changes and progression of cognitive decline.
In conclusion, by direct neuropsychological comparison the present study found that MCI-AD scored significantly poorer on learning and memory tests than MCI-PD, while MCI-PD were significantly poorer on one of three measures of executive function. In general, MCI-PD was less cognitively impaired than MCI-AD. This is supported by normal mean CSF values in the MCI-PD group and abnormal mean CSF values in the MCI-AD group. 
CONFLICT OF INTEREST
